The quality and functions of centrifugal casting of cylinder liner is depended on the change regulations of flow and temperature. The intelligent equipment is researched. The structure and principle of centrifugal casting is introduced, the crafts by multiple temperatures is analyzed. The temperature information of multi sensors is collected based on the adaptive weighting model. The temperature control system is designed. The temperatures of bearing house and moulds and spindle are been monitored. The quality of cylinder liner is highly improved by using the temperature control system. The hardness of cylinder liner blank is increased from 0.6 to 1.3.
INTRODUCTION
Productive efficiency and product quality of internal combustion engine cylinder liner can be improved by using centrifugal casting technology which automatic control the casting process [1~2] . It is one of the key technologies for high quality and high efficiency production of cylinder liner to control the process parameters in centrifugal casting of cylinder liner. The temperature is an important technical parameter of centrifugal casting of cylinder liner, which has decisive effect on surface and internal quality of castings, the other craft precision, the final quality of cylinder liner. Measurement and control of high precision temperature becomes the key technology of the centrifugal casting quality controlling [3~4] . Information fusion technology is the core technology of high precision temperature _______________________ measurement, which integrates a variety of related information, and carries on the comprehensive processing to the information. Thereby the decision information with higher accuracy is obtained.
TECHNOLOGY BACKGROUND

10-Station Centrifugal Casting Machine
10-Station centrifugal casting machine includes casting, cooling, time, material, cleaning, door, spraying, drying stations, as show as Figure1.
Single Centrifugal Casting Machine
10-Station centrifugal casting machine is composed by single centrifugal casting machine to cast the cylinder liner. Single centrifugal casting machine is mainly composed of casting cover, mold, flywheel, main shaft, balance block flange, balance block, bearing seat and other parts, as show as Figure2.When the centrifugal casting, the temperature at the end of main shaft near the mold can reach to 120℃. The excessive temperature variation restricts the adjustment of the bearing end play. 1-casting cover；2-mold；3-flywheel； 4-main shaft；5-balance block flange； 6-balance block； 7-bearing seat assembly Figure 2 . Construction of single centrifugal casting machine. The high temperature can reduce the load capacity of bearing, lead to unplanned outage or load shedding operation of machine, increase the vibration of the casting process, even emerge the rotating stall and surge, this is shorten the service life of machine. In order to ensure the continuous operation of the equipment, improve the efficiency and reliability, it has been improved to support of the traditional sliding bearing. The main shaft and bearing seat are designed ( Figure 3 ) to use water cooling control and the bearing seat integrated design at top and end of casting machine. The maximum temperature of the bearing is controlled at 35℃, so that the heat load of the bearing is reduced. The integrated design of the bearing seat not only improves the rigidity of casting machine, but also be machined integral at once. It is ensures the inner hole proper alignment of top and end bearing seats, reduces the vibration of the centrifugal casting machine at high speed rotation, and greatly improves the bearing life and the precision of the casting machine.
Casting Temperature of Liquid Iron
Casting temperature of liquid iron of 10-Station centrifugal casting machine is 1400~1450℃， tapping temperature is 1500~1530℃. If the pouring temperature of liquid iron is too low, the fluidity of liquid iron is poor, the inclusions are oxidized, the amount of suction is large, and the rejection rate of castings is increased.
Temperature of Coating and Mold Temperature
In order to make the casting mold unloading easily, prevent the casting iron to be chilled, reduce the impact of liquid metal on metal type and the peak temperature of the metal type, obtain the ideal casting surface, increase the fraction force with the liquid iron, decrease the time when the liquid iron achieve the spin velocity of casting mold. The centrifugal casting mold need spray paint.
The results show that the appropriate mold temperature can reduce the surface defects of castings and ensure the casting performance. If the mold temperature time is too low, so that the heat is lacking, it is lead to slow evaporation of water in the paint even the phenomenon of flow and heap, the wall adhesion is not strong, and the paint is not uniform and hardly dry. If the mold temperature time is too high, so that the evaporation of water in the paint is mightily, it will make the paint powder upspring, lost and splash during casting, it is difficult to form a uniform coating and adhesion is weak between coating and wall, result in that coating is washed out by liquid iron easily. Table 1 shows the reference range of casting preheating temperature and working temperature of cast iron alloy cylinder liner.
In addition, under the higher mold temperature, the cooling effect of the casting mold is weak, and the liquid metal remains in liquid state when it moves along the axial direction of the mold, until the metal liquid reaches the two sections of the casting mold, it begins to solidify. When the mold temperature is low, the cooling effect of the mold is large, the first metal liquid has not fully reached the end of the mold has been solidified, resulting in the phenomenon of water and wrinkled skin. However, when the mold temperature is relatively high, the casting in the radial direction from the outer wall to reduce the temperature gradient of the inner wall, the wall thickness of casting direction on the inner wall and the outer wall of the bidirectional solidification shrinkage in the middle layer intensified last period of solidification will further expand. The quality of the mold is also good, but the high temperature of the mold will directly lead to the solidification of the radial direction of the solidification of the casting intensified, thus increasing the size of the hole, in order to solve this contradiction, can be used to spray water. That is to say, pouring in high mold temperature, after pouring is finished, in order to increase the cooling rate of castings from the outer wall to the inner wall of the spray cooling water in the solidification process of casting the cooling mold, thereby improving the casting wall to the inner wall of the cooling rate, improve casting surface quality, and reduce the shrinkage of purpose. 
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DATA FUSION TECHNOLOGY The Fundamental and Process of Data Fusion
Data fusion algorithm is also named as multi-sensor data fusion algorithm. Its principle [3] is to model the systems and objectives by effective usage of the inspection information obtained by sensors, most of all, processing the redundancy or complementary information in spatiotemporal domain, with effective roles. Data fusion technology is based on the independent inspection information acquired by various sensors, and then helps obtain more informative data by advanced algorithm. By this process, it can make good use of the advantages of multi-sensor system to improve its effectiveness, to eliminate the limitation of single or few sensors. Therefore, more effectiveness can be achieved than that of subsystems individually.
The basic process of the Data fusion of the multi-sensor system is shown as Figure4. Engineering technical parameter signals are firstly transited into electrical signals by the sensors, and then are transited into digital data by A/D switcher. Next, the digitalized electrical signals will be processed to eliminate the disturbing and noise data deletion, low frequency filtration, smoothing, averaging algorithm. Features extraction is then conducted to the useful information of preliminary processed data. Finally, the information is calculated by the data fusion algorithm to obtain the fusion results. In the process of engine cylinder liner casting, the temperature is an important technical parameter. The measurements of casting temperature, bearing temperature and liquid iron temperature are conducted by one set of sensors, which consists of 8 sensors. Much higher accuracy of temperature can be achieved by fusion process of the measurement data. At the same time, the cylinder liner casting control system is used to monitor and fusion the bearing vibration and the main shaft revolution, and to control the rotation speed and temperature of bearing. The control of each parameter will be explained in another paper.
Identification and Deletion of The Abnormal Signals
Abnormal signals are inevitable in the temperature data acquired by the computer due to some inevitable various disturbing. In the temperature measurement of the ball mill main bearings, the following roles are applied to determine the effectiveness of the vectors [5] , the abnormal data and execute deletion according to the principle of t. For the temperature signals acquired by the n sensors, x1,x2,…,xn, if xk is suspicious value, average value can be calculated by deleting the xk. If there is no suspicious value, the average and standard deviation can be obtained directly. 
（1）
The standard deviation of the test value（the calculation is not included
Then, according to the given sensors number n and the notable level α, the K(n,α) can be obtained from the t table.
Then if ) ,
，xk is taken as the abnormal value, and should be deleted. Otherwise, the value is not abnormal and should be kept. In most occasions, the abnormal values are the maximum or minimum value. Therefore, in order to reduce the calculation cost of the computer, the maximum and minimum value should be calculated firstly, and then determine if they are the abnormal values.
According to the effectiveness judge calculation, effectiveness vector is defined as S=[s1, s2,…, sn]T. Where, for the effective data, the si （i=1,2,…,n） is equal to 1. Otherwise for the abnormal data, the si is equal to zero.
Self-adaptive Weighted Fusion of The Temperature Measurements
The self-adaptive fusion algorithm is shown as Figure 5 . At the condition of abnormal data deletion, the weight vector Wi（i=1,2,…,n） is introduced to mark the measurement accuracy according to minimal principle of the two order extraction value of the errors. Based on the acquired data, the optimal gain factors can be obtained by the adaptive calculation. Then the optimal y value can be obtained by the fusion calculation. 
（4）
Error of Main Square is:
Where, X=[x1,x2,…,xn]T，Y=[y,y,…,y]T，there are n members in vector Y. Since the x1,x2,…,xn are independent from each other, and are the no-error estimation of the real value x, E[(x-xi)(x-xj)]=0 （i≠j; i=1， 2， …， n; j=1， 2， …， n）. Then 
（8）
The calculation of the mean square deviation can be found in the reference [4] .
Temperature Measurement Test of Water-cooled Bearing Seat
In this paper, 8 Ni-Cr/Ni-Si armoured thermocouple system is built up to carry out the temperature measurement of the ball mill main bearings. The measurement data is shown as TABLE 2.
The believe level of the 8 sensors were set to be 0.25. By the t test, the effectiveness vector can be calculated S= [1,1,1,1,1,1,1,1] T. Therefore, all the measurement data are effective. And then, by eq. 3 and eq. 6, the estimated value and square could be obtained to be 138.9967℃ and 0.0075 respectively. While by the averaging calculation, the values are 138.699 ℃ and 0.1385. It is obviously the accuracy is improved largely by the implementation of the fusion algorithm.
AUTOMATIC TEMPERATURE CONTROL
In the process of centrifugal casting, the temperature and vibration acceleration of the bearing seat indicates the working condition of the centrifugal casting machine. Mold temperature, alloy solution temperature and main shaft revolution of centrifugal casting machine have a decisive effect on the casting quality of cylinder liner. Therefore, it should be monitored on the vibration acceleration of the bearing seat, the temperature of the alloy solution, the bearing seat temperature of the centrifugal casting machine, the casting temperature and the rotation speed of the main shaft.
System Frame Design
The monitoring system nucleus of centrifugal casting machine include: sensor, signal conditioning equipment, data acquisition equipment, PLC (including software), driver, actuator, interactive devices and other components, as shown in Figure6. The physical parameters are transmitted into electrical signals by sensor, then the electrical signals are modulated by conditioning equipment, finally input signal acquisition device. After PLC treatment, the output could use to print, display, sound and light alarm or provided suitable output power for actuator by the driver. Hence the actuator completes the operation to realize the system control (such as water spray to control the mold temperature). PLC and its monitoring system software control, detection and display the system parameters.
Mold Temperature Control of Centrifugal Casting Machine
The control principle of centrifugal casting machine mold temperature is shown in Figure 7 . According to the cylinder liner parameters input, PLC sets the mold control temperature automatic which should compares with the real-time detection mold temperature signals from the sensors. So that, it controls mold spray system working condition and real-time mold control, providing the suitable rate and time of praying. Figure 8 and Figure 9 show the fracture appearance of casting at the mold temperature 400℃ and 100℃. Compared with the two figures, it can be seen that with the decreasing the mold temperature, the shrinkage hole in the casting decreases obviously. mold castings under the condition of two kinds of mold temperatures. At high mold temperature, the surface of casting is smoothly as shown Figure 10 . In contract, the surface of casting appeared grave wrinkled skin phenomenon at low temperature as shown Figure 11 . The results show that at the high mold temperature, the casting has better surface quality, and the lower mold temperature can reduce the shrinkage of the casting. The result is that at the higher mold temperature, the cooling effect of the casting mold is weak, and the liquid metal remains in liquid state when it moves along the axial direction of the mold, until the metal liquid reaches the two sections of the casting mold, it begins to solidify. When the mold temperature is low, the cooling effect of the mold is large, the first metal liquid has not fully reached the end of the mold has been solidified, resulting in the phenomenon of water and wrinkled skin. However, when the mold temperature is relatively high, the casting in the radial direction from the outer wall to reduce the temperature gradient of the inner wall, the wall thickness of casting direction on the inner wall and the outer wall of the bidirectional solidification shrinkage in the middle layer intensified last period of solidification will further expand. The quality of the mold is good, but the high temperature of the mold will directly lead to the solidification of the casting along the radial direction intensify, thus increase the size of the hole. In other words, during the casting process of the cylinder liner, the mold temperature and the rate of cooling from the outer to the inner should be controlled for the purpose of improving the quality of casting surface and the decreasing the size of the hole. When using the mold temperature control system for cylinder liner casting processing, the hardness of a cylinder liner CPK is improved from 0.6 to 1.3.
Casting Cylinder Liner Under The Mold Temperature Control
CONCLUSION AND TECHNOLOGY DISCUSSION
Due to the lack of high temperature mechanical properties of the casting materials, the room temperature mechanical properties of the casting can be taken as the basis of the casting design; because of the shortage of the highest temperature data permitted by mold material, it is not attach importance to the risk caused by the over high mold temperature during the rotation. Take more attention to preheating temperature control can improve the production quality of cylinder liner casting.
